WO2009/040337PCT/EP2008/062670 METHOD OF MANUFACTURING A STRUCTURE :
., COMPRISING A SUBSTRATE AND A LAYER DEPOSITED ON ONE OF ITS FACES FIELD OF THE
INVENTION 5The present invention relates to a method of manufacture of a structure for electronics,

optics, optoelec(%ronics or photovoltaics, the structure comprising a substrat %ﬂ I ormed by
depositing a ma ezﬁ%gll%ﬁ%%e of the sides of the substrate. 10RELATED B%% %@K%IJART The

state of the art shows that it is possible to select the side of a substrate on which a thin layer will be
deposited according to a technology adapted such as PECVD (acronym for "Plasma-Enhanced
Chemical Vapour Deposition). Nevertheless, the process is complex, it can lead to metallic
contaminations and the 15 deposited layer can delaminate. = The use of a non-selective technique
results in a deposit on both faces of the substrate. It is then possible to eliminate the layer deposited

on the face on which it is Mt QP FREANIE AGrPHENGNHA BARBETY REr @RAMMRESING Ayer which

one wishes to conservesgmgnRies MAE AL AVER PEPOMIED DRIURPEFOMS F#aeksing in 20 order
to eliminate the layer on the non-protected side. However, according to the nature of this layer

(notably, if it is in SiN, AIN or diamond), its withdrawal is sometimes very difficult and non-selective
compared with the nkdEdaOdT THEEJNVENIION is also possible to use an RI E etching (acronym for

“Reactive Ign Etching,), the, on,desehRipnabwbiqh is iUty dhendRiiactlic R Brogaesiodpr the
VLSI Era, Vol. 1: Process Technolog){; by Stanley Wolf and Richard N. Tauber, Lattice Press; 2nd

edition (NovemBECT011§89)0pEEsN -2POSEETEPE6 P inRERIYRIIES, 81§ BRG0P YTRIShig dry
etching assistedungpiasnaadgarmnitsrtherselt dionefdbidriace toatéeiah svitboet dratrisgstogsratetticthe

other face, but istisjg{‘jﬁj(gncy depends on the material to 30remove. Moreover, this relatively difficult
technology requires the use of very toxic WO 2009/040337PCT/EP2008/062670 2

10 RELATED BACKGROUND ART

The state of the art shows that it is possible to seilect the side of a substrate on
which a thin layer will be deposited according to a technology adapted such as
PECVD (acronym for “Plasma»Enhan_c_;ed Chemical Vapour Deposition).
Nevertheless, the process is complex, it cah' lead to metallic contaminations and the

16  deposited iayer can delaminate.

The use of a non-selective technique results in a deposit on both faces of the
substrate. It is then possible to eliminate the layer deposited on the face on which itis
not desired. For this purpose, one can bond, for example, the layer which one wishes
to conserve on another material, so as to protect it, then to perform an eiching in

20 order to eliminaie the layer on the non-protected side. However, according to the
nature of this iayer (notably, if it is in SiN, AIN or diamond), its withdrawal is
sometimes very difficult and non-selective compared with the material of the
substrate.

It is also possible to use an RIE etching (acronym for “Reactive lon Etching”) the

25  description of which is found in the work; “Silicon Processing for the VLS8! Era, Vol. 1:
Process Technology” by Stanley Wolf and Richard N. Tauber, Lattice Press; 2™
edition (November 1, 1999), ISBN-10: 0961672161 in Chapter “14, Dry Etching for
VLSI". This dry etching assisted by plasma permits the selection of the face to clean
without having to protect the other face, but its efficiency depends on the material to

30 remove. Moreover, this relatively difficult technology requires the use of very toxic



gases and pollutants such as NF3 or SF6. It involves, therefore, specialized operating conditions, in
. particular a special confinement A particular example of this problem is encountered during the
formation of a layer of polycrystalline silicon on the rear face of a SopSiC (acronym of "Silicon on

SPolycrystalligg,Sigon a3 SiCopSiC (acronym of "Silicon Carbide On PolyerysiallingsiG,) substrate.
The SopSiC substrate being principally transparent to infrared radiation, it is not possible to heat it

sufficiently through the rear face of this substrate in order to attain a temperature suited for the
realization, on the front face, of a molecular beam epitaxy 10 (MBE). A layer of polycrystalline
silicon deposited on the rear face, which absorbs the infrared radiation, can be heated to a high
temperature and allows thereby the heating of the SopSiC substrate by conduction so as to reach the
temperatures necessary to achieve epitaxy. 15In this respect, one might consult the publications, US

5,296,385, US SB8RSRAKIRNE SUfoas N yid Doodi asUeE o e TER 67 etirbzed RgAlty, the
method of realizatiomiae) disisitcdepasitiegigayafysiaénge silicon without selection of the face on the

SopSiC substrate i.g,, f f t e t f tching to_elimi layer
formed on the face ?i/ih%}et%gl}sg rn%%%%@gs??e({ﬁ i E’Fﬁ’%%?r?ﬁfg% ?%Gl}%pfi,%}rwg%n%ﬁttfg}n&%%gﬁe% 510
delimiting a laytys00frirpedabinmidisatagonis sesiatate’ 5B Fionoeigryalink Siicen.on

Referring tg figyra bR sfasihactite) 0deriapaied asrsaps st isioneddnisetsingofiapksaiina
bonding layer 3§%L 5i02§the substrate 520 in monocrystalline 25 silicon on a support 400 in
polycrystalline f Faslggs gfg'd as p-SiC) and by transferring the layer 500 on the support 400.

Referring to figure 10)eHeobSiktimpeiiatesting prioclpllystsasiirent bty afrardeatimjomdes aot
atmosphere of waleh a1 (RRRRIRIH, r%@é@@%%%@@a% 1ROQC swiugh cqniiuies fedhes

formation of layers 110 and 120 of SiO2 on both 30sides of the structure 100 by thermal oxidation of
silicon and SiC?‘?.'@E%?tH%@rﬁﬁBthﬁme realization, on the front face, of a molecular beam epitaxy

0 (MBE).

A layer of polycrystalline silicon deposited on the rear face, which absorbs the
infrared radiation, can be heated to a high temperature and allows thereby the
heating of the SopSiC substrate by conduction so as to reach the temperatures
necessary to achieve epitaxy.

15 in this respect, one might consult the publications, US 5,296,385, US
2004/0152312, EP 0 448 524, WO 2006/082467 and FR 07 54172,

Currently, the method of realization consists in depositing polycrystalline silicon
without selection of the face on the SopSiC substrate i.e., on both faces of the latter,
then to perform an etching to eliminate the layer formed on the face where it is not

20 desired.

Referring fo figure 1A, an embritttement zone 510 delimiting a layer 500 is
formed by implantation in a substrate 520 in monocrystalline silicon.

Referring to figure 1B, a structure 100 designated as SopSiC is formed by
bonding, thanks to a bonding layer 300 in SiO,, the substrate 520 in monocrystalline

25 silicon on a support 400 in polycrystalline SiC (also noted as p-SIC) and by
transferring the layer 500 on the support 400.

Referring to figure 1C, the bonding of the structure 100 is stabilized by an
annealing under an atmosphere of water vapour at a temperature of about 800 fo
1200°C, which contributes to the formation of layers 110 and 120 of SiO; on both

30 sides of the structure 100 by thermal oxidation of silicon and SiC, i.e., by consumption
of silicon on the surface of the layers 400 and 500.



of silicon on the surface of the layers 400 and 500. 3  Referring to figure 1D, next a deposit of layers
200 of polycrystafline silicon (also noted p-Si) is performed without distinction of face on the structure
obtained previously. For this purpose, a LPCVD technique (Low Pressure Chemical Vapor Deposition)
can be used at a temperature of 620C.  Referring to figure 1E, the layer 200 of p-Si situated at the
side of the layer in monocrystalline silicon 500 is rem8ved from the SopSiC structure by an RIE
etching. Referring to figure 1F, the layer 110 of 3102 situated at the side of the monocrystalline
silicon layer 500 is removed from the SopSiC structure by the action of a solution of HF which
dissolves selectively the 5i02 and leaves the silicon intact.  Finally, the surface of the layer 500 in

monocrystalline siiggn s 13810 RieRate e e SPUSKIOY B ol datindainienddast this

method comprises a Ia& number of steps and utilizes a complex and costly technology to implement
in order to carRPEf tReSSeliSciRrs IR gV Ith oo BRRGID eS80 AN51D2 WHIFYL a ZiBRGIhermal
insulator is formedihedyeenrthrigesirsyey;, 200RTHlctschoiyesy tallineresshthedayeicdD0/ap&iC

polycrystalline Whicq]%re]zlfreasbes the ef igi{enc%eo %th% Q?ég{j‘%by this rear layer. The suppression of this
en {

layer 120 of SiBff\J/\?S’U gggss?tﬁ?ee%as{upp Efhental etching step which is very costly to implement.

Embodiments of thE@ieeingote diseked brép sevarmethetiobhriivatadtatify Sduetine favshieh a layer
of material is dgpRsSKEL@MRNLIEHE $666:0EmsUbsHaIR it INORIERRFES) derRsitiBHaghnique

which may be simple and low in cost to jmplement which m t cost much tg implement, and may
avoid resorting to anetEHiy 5 FEEIE F;péeB IRIEF %@%@é@@oﬂiﬁg#ﬁé (Ieﬁ?/ ICSRI the
According to amaspeysilithe sisﬂimentiamrtl&étbE&rpm@égdramét@&d);ﬁ@imﬁnwmgia gttireture for
use In electroniss, oRlies, BPIqe GAURRALANOLRNANAIGSHENS Bl LA g,mALINEcA sibetrate and a

layer formed by t epositing of a material on one of the faces of the substrate, the method being
characterized in thdtfedymipasedripeestipbafiaver S0¢oimnmgnasypbliftedissifaidseoRhbriRing an
embritlement zgrg slefinipgirernsHiegne/NaBHE, the said substrate and, on the other hand, a remainder,
- depositing of a layet of said material R acth Sl NS lAce AR SRR e YRR Y Ahizes
a complex and costly technology to implement in order to carry out the selective
etching.

Moreover, a layer 120 in SiO, which is a strong thermal insulator is formed
between the rear layer 200 in silicon polycrystalline and the layer 400 in SiC
polycrystalline, which decreases the efficiency of the heating by this rear layer. The
suppression of this layer 120 of SiO, would necessitate a supplemental etching step
which is very costly to implement. _

Embodiments of the invention seek to propose a method of manufacturing a
structure in which a layer of material is deposited on only one face of a substrate
using a non-selective deposition technique which may be simple and low in cost to
implement which may not cost much to implement, and may avoid resorting to an

etching of the RIE type.

BRIEF DESCRIPTION OF THE INVENTION

According to an aspect of the invention, there is provided a method for
manufacturing a structure for use in electronics, optics, optoelectronics or
photovoltaics, the structure comprising a substrate and a layer formed by the
depositing of a material on one of the faces of the substrate, the method being

characterized in that it comprises the steps of;



- cleavage of the embrittled substrate, so as to form said structure in which a face of the substrate is
covered by the layer of material deposited while its other side is exposed. By exposed is meant in
this text the fact that said face of the substrate is not covered by a layer.  According to an
embodiment, the thermal budget of cleavage is greater than the thermal budget provided by the
deposition. The depositing step is therefore performed before the cleavage step.  According to a
second embodiment, the thermal budget of deavage is less than the thermal budget provided by the
deposition.  The cleavage step can therefore be performed during the deposition step. The
embrittled substrate is preferably held such that the cleaved parts do not move apart from one another;

in a manner particulpshy, advaniageaRd dsdaatd etraRahaune s fiseatianstaBfininderprding to

a preferred embodiment, the cleavage step is performed in%ne depositing chamber of the" material of
the layer.  AR@SREAERS dhesaisbeibriraie Aptk anbsRiRelhaRh M BRMBRSHises the successive
steps of: - deposiigbeifirgodh Adagsr &t thsicembiatilg b uhainade thbthworimiesial tharabpitiiads form, -
cleavage of the %rsqpar{ttled substrate, - annealing to a temperature suitable to cristallise the material.
According to Sther embodiments of the invention: - the embrittlement zone is formed by

implantation of ionicalgrusgs i the eubstiietbsubstraie substrate is a composite substrate comprising a
support substife apdarseeddayRici®e in which a face of the substrate is covered by the layer of

- material deposited while its other side is exposed.

By exposed is meant in this text the fact that said face of the substrate is not
covered by a layer. _ |

According to an embodiment, the thermal budget of cleavage is greater than the
thermal budget provided by the deposition. The depositing step is therefore
performed before the cleavage step.

According to a second embodiment, the thermal budget of cleavage is less than
the thermal budget provided by the deposition.

The cleavage step can therefore be performed during the deposition step. The
embrittled substrate is preferably held such that the cleaved parts do not move apart
from one énother; in a manner particularly advantageous, it is held horizontal during
the deposition step.

According to a preferred embodiment, the cleavage step is performed in the
depositing chamber of the material of the layer.

According to an embodiment of the invention, the method comprises the
successive steps of:

- deposition on both faces of the embrittled substrate of the material in
amorphous form,

- cleavage of the embrittied substrate,

- annealing to a temperature suitable to cristallise the material.

According to other embodiments of the invention:

- the embritlement zone is formed by implantation of ionic species in the
substrate; _

- the substrate is a composite substrate comprising a support substrate and a
seed layer;



- the substrate comprises one of the following materials: Al203, ZnO, the materials of group Il / V and
their ternary and quaternary alloys, Si, SIC, polycrystalline SIC, diamond, Ge and their alloys; -
" the material deposited is chosen among the following materials: amorphous Si, 5monocrystalline Si,

polycrystallln%vgl G w5 polycrystalline SIC, amorphous SIC, the mate Caﬁ ‘BE [V and their
ternary and quaté(r]na?y alloys, Al203, Si02, %Kt and diamond; - the sugstrate IS a&{’:eorur{}posne

structure of the type SopSIC or SiCopSIC and the layer of material deposited is in polycrystalline
silicon; 10- the method comprises additionally the carrying out of a molecular beam epitaxy on the
exposed face of the substrate of the structure thus formed. BRIEF DESCRPT10ON OF THE
DRAWINGS Other characteristics, objectives ang advantages of the invention will appear 15 more
clearly from the reading of the description which follows, from the drawings attached on which: -
Figures 1A to 1F illustrate the steps of a non-selective deposition method of the prior art, Figures 2A
to 2C illustrate the formation of the embattlement zone in the 20 source substrate; Figures 3A and 3B
illustrate the steps ofﬂﬁgsgmmgim@mrggmgdgvgn{mf@w%s ARt AR 1IBIstele, thgsteps of a
second embodlme e"é gh%fmvgntlop! z: ures S@itlp tBC |IIustra e thf%es}}e SO athlr glgodiment of
the invention, Flgure ents a structure o alneang'ythe mgf‘nocq S cordp?'isg t3'th8' 25 invention

and the structurepﬁlﬁfﬂ"lﬂ”’ﬁéf f%%ﬁi%f’@t’ﬂ?&ﬂu@a and fgjiAlleY$iA to 7H illustrate a first example of
application of the |nverﬂtmaﬁéﬁhbﬁdmﬂsﬂlmﬁ@mm@@mfm@ﬁn@mm&@p&ﬁswb&mﬁ according to

a first variants FI%%&%W@@;Ilwwmﬁacsmééf%@nbe@a@@m%%@f ARfRrpeRtigR: Of the

deposition of a r%’l [ Ia%grrlalg gf grlog[rn] ﬁ’l ?\9 thtlfl e‘srgz?ry and quaternary alloys, AlO3 SiOs, SE3N4

and diamond; _
- the substrate is a composite structure of the type SopSIC or SiCopSIC and the
layer of material deposited is in polycrystalline szl icon; |
10 - tha method comprises: add:tmnaiiy the carmrying out of & molecular beam’
epitaxy on the exposed face of the substrate of the structure thus formed. |

BRIEF DESCRPTION OF THE DRAWINGS
Other characteristics, objecﬁves and advantages -of the invention will appear
15  more clearly from the readlng of the description which fol!ows from the drawings
attached on which:
- Figures 1A to 1F illustrate the steps of a non-selective deposition method of
the prior art, ‘
- Figures 2A to- 2C illustrate the formation of the embritiement zore in the
20 source substrate; . |
- Figures 3A and 3B ilustrate the steps of a first embaodiment of the invention
- Figures 4A and 48 illustrate the steps of a second embodiment of the invention
- Figures 5A to 5C illusirate the stéps of a third embodiment of the ihvention
- F|gure B represents a struciure obtained by the method accordmg to the
25 invention and the structure and the residual structure,
- Figures 7A to 7H illustrate a first example of application of the invention of the |
deposition: of a rear layer in p—Si on a SopSiC substrate, according to a first variant,
- Figures 8A to 8D E!lﬂstrate a second variant of application of the invention of
the deposition of a rear layer in p-Si on a SopSiC substrate, ' '
30 - Figures 9A to 8D !iiustrate an exampia of application of the invention of the
d‘eposstior_n of a.rear layer in p-Si on a SiCopSiC substrate.

RECTIFIED SHEET (RULE 91)
ISNEP



30-"Figures 9A to 9D illustrate an example of application of the invention of he deposition of a rear
~layer in p-Si on a SiCopSiC substrate. RECTIFIED SHEET (RULE 91) ISA/EP WO

- 2009/040337PCT/EP2008/062670 6 DETAILED DESCRIPTION OF THE INVENTION  In a general
manner, the_ @\6%9% 4g{%r;pprises the ma_nufacture of a _substrate 12, whi %ZQ& /Q&(L&@r co_mposite
(i.e., comprising a plurality of layers of different Smaterials), substrate 12 comprising an embrittlement
zone 11 according to which the substrate 12 can be cleaved. By "cleavage" or "fracture", is meant
the action of splitting a substrate in two layers according to a plane parallel to the surface of the initial
substrate, allowing thereby their later removal or detachment: the two layers thereby formed are 10
independent, but a phenomenon of capillarity or a suction effect can create a certain adherence
between them. It is specified, therefore, that the step of removal is a step posterior to cleavage and is
distinct from the latter. In the description which follows, when a cleaved substrate is mentioned, it must
be understood that FETRIREDYPEST RIS ONCORtEHENNVENATINGNher. 15After the formation of the

embrittlement zone, comes th osjtign 0 terial two faces of rit rate and
the cleavage of th‘eign%t%'flat?leer iﬁgﬁf‘r%r{fe&% ”{Xrgcﬁclﬁa i%% t ;f .%S&Se%%ﬁﬁﬁéﬁ%gv%%ﬂgfg&%%%%e ow, the
step of cleavagéhiin izke pRabelid RinepoIPafite the dapowmismgteppiurality of layers of different

5 materials), substrate 12 comprising an embrittiement zone 11 according to which the
substrate 12 can be cleaved.

By “cleavage” or “fracture”, is meant the action of splitting a substrate in two
layers according to a plane parallel to the surface of the initial substrate, allowing
thereby their later removal or detachment: the two layers thereby formed are

10 independent, but a phenomenon of capillarity or a suction effect can create a certain
adherence between them. It is specified, therefore, that the step of removal is a step
posterior to cleavage and is distinct from the latter. In the description which follows,
when a cleaved substrate is mentioned, it must be understood that the two layers are
still in contact with each other,

15 After the formation of the embrittlement zone, comes the deposition of material
on the two faces of the embrittied substrate and the cleavage of the embrittled
substrate.

According o the cases which will be detailed beiow, the step of cleavage can
take place during or after the deposition step.

20 Finally, the steps of deposition and cleavage described above are followed by
the removal of the two cleaved parts from substrate 12, so as to obtain a structure 1
formed from the part 10 of substrate 12, the face of which have undergone the
implantation is exposed and the other face is covered by the deposited material. The
exposed face can be prepared for a later use, for example, an epitaxy.

25 The different steps of the method according to the invention will now be
described in detail.

The invention is applicable as well to a bulk substrate 10 as well as to a
composite substrate, i.e., formed from at least two different layers of material, or from
materiais having different crystalfline characteristics.

30 In the case of a bulk substrate, the face of this substrate is chosen which will not
be subseguently covered by the deposited layer. The question of selection can be



20Finally, the steps of deposition and cleavage described above are followed by the removal of the
~ two cleaved parts from substrate 12, so as to obtain a structure 1 formed from the part 10 of substrate
12, the face of which have undergone the implantation is exposed and the other face is covered by the

deposited majgsiglyJdig:sxposed face can be prepared for a later use, for@XarppleaRspItaxy. 25The
different steps of the method according to the invention will now be described in detail.  The

invention is applicable as well to a bulk substrate 10 as well as to a composite substrate, i.e., formed
from at least two different layers of material, or from materials having different crystalline
characteristics. 30In the case of a bulk substrate, the face of this substrate is chosen which will not be
subsequently covered by the deposited layer. The question of selection can be WO
2009/040337PCT/EP2008/062670 7 posed when the material of the substrate is polar or according to
the later intend@PGeatReS g é@aé?{’épbﬁgwf RISVAR IR PREL HRRG I IRG 13 R ITHES [T ER4mple, or
the density or deskaptssithie pesonskiledion theragievducbetiogde the ongongbe dthexaftbie, faces of

the substrate. ipdgIRIOMINGMREID AR BTERNERERNES SRUALINSMIREAAL iR BRI YRNICh Wil

have to stay exposed and "rear face" the face covered with deposited material.  In the case of an
epitaxy on a carhBUsiRCERINE RS LBRHEIRIY B iRiournaustrasoundns ke fager, Breplitmhifice will
be the freessurface of thesitsddayaniih avmatarabisigg e aissel acie théyr iscettie fasarpeirscadapted
A1203, 200, the T ERSI TSI 11N (for example: Gake, Inb. InSb, GaSb. InN. Ga, AN,
pAIN; P-BN, BN anitHéf teaprirgfant qRitemaa) &GRasieasiicie ACaNISIAgI@atiprieven
from the materialpaf-g50aHy Y sieeh AfeSiineifrof-fife WB BN thi el Aoy orARRaRG Mhayepmposite
substrates, one cou!d I%i e forne%r_n Ie tth suRst{ es of Ehet ge So&iigtortSigoPp?iC ast bgi g
particularly we|?af8%6{e %rggpﬁaX|3% %? a? ra s%%ﬁ\? t?l%gl%%, fe?ﬂ% & : 8u§?er anss SiEhAs GaN,
AIN, AIGAN, arepita@ad.

The substrate 10 can be chosen among the following materials: Al,Os, Zn0O, the
materials of the group IlI/V (for example: GaAs, InP, InSb, GaSb, InN, GaN, AIN, p-

AIN; P-BN, BN and their ternary and quaternary alloys such as InGaN, AlGaN,
InAlGaN), or even from the materials of group 1V such as Si, SiC, p-SiC, Ge and their
15 alloys. Among the composite substrates, one could cite, for example, the substrates
of the type SopSiC or SiCopSiC as being particularly well adapted for epitaxies of
materials li/N binaries, ternaries, guaternaries such as GaN, AIN, AlGaN, and
InGaN.
When substrate 10 is bulk, it is preferable to bond a substrate having the
20 function of a stiffener on the face through which the implantation is performed,
intended to be removed in order to facilitate its detachment.

The material deposited can be chosen among the following materials: Si
amorphous, monocristalline or polycrystalline Si, amorphous SiC, mono or
polycrystalline SiC, Ge, the materials of group [I/V (InP, GaAs, AIN, p-AlN...), AlOs;,

25  SiOy, SisNs, diamond.

When the invention concerns substrates transparent to infrareds that are
intented for use in MBE, the material deposited is chosen for absorbing the infrareds.
Generally it is sought to obtain a deposited crystalline layer rather than an amorphous
layer in order to guarantee a better adherence to the substrate during the later

30 thermal treatments.



When substrate 10 is bulk, it is preferable to bond a substrate having the 20 function of a stiffener on

~ the face through which the implantation is performed, intended to be removed in order to facilitate its
detachment.  The material deposited can be chosen among the following materials: Si amorphous,
monocristalligePfopoidssystalline Si, amorphous SiC, mono or polycrystallipg,Si¢aesagdhe materials of
group 111/V (InP, GaAs, MN, p-AIN...), Al203, 25Si02, Si3N4, diamond. = When the invention
concerns substrates transparent to infrareds that are igtented for use in MBE, the material deposited is
chosen for absorbing the infrareds. Generally it is sought to obtain a deposited crystalline layer rather
than an amorphous layer in order to guarantee a better adherence to the substrate during the later
30thermal treatments. WO 2009/040337PCT/EP2008/062670 8  Preferably, the invention concerns
substrates principal!y trfanstﬁar nt to infrareds in orderéo realize erPiIa ie%b MBE.H ,‘I;Fe mdaterials of
these substrates can Be chosen. for %@(é?ﬁ[ﬁ%?%%%snsgu f(tf,as%sp%rﬁi ép(a;iPé 3%88?{@ AN G GEristalline
as well as polytrypseiife)e@ixg ZpGxiesbySvitdiamond. These materials form the support substrate in
the case of a compasiEe BuRSERIE Onesel B iBEErRUELHTNESEREL N efois ERRINARsRIbEg material,

the assembly of the composite substrate 10 remains, in&rmmple, transparent to infrareds. The

material deposiEPBaheFRes SR LHTIRNRCTEIBERD SRS (R RS WHAH RAI R sERTE 1BPthe
epitaxy wilbbe tretischastnTassengderiniateralshebsopbuny sotysirete ray heusdsa s il canm(@rsitrphous,
monocristalIineSLE)%ly?{é/s,t@_IIine), Ge, InP and GaAs. Formation of the embrittlement zone In reference

to figure 2A, for a bulk substrate 12, after the preparation of the
In fact, even if the seed layer is formed in absorbing material, the assembly of

the composite substrate 10 remains, in principle, transparent to infrareds. The
material deposited on the face of the substrate 10 opposite to the face which will
10  serve for the epitaxy will be then chosen among the materials absorbing infrared rays

such as silicon {amorphous, monocristalline, polycrystalline), Ge, InP and GaAs.

Formation of the embrittlement zone

in reference o figure 2A, for a bulk substrate 12, after the preparation of the
15 substraie on which one wishes to deposit a layer of material on one of the faces, a
first step of the method consists in creating, in this substrate 12, an embrittlement
zone 11 according to which the substrate could be cleaved.
Typically, the creation of this embritilement zone is implemented by the
implantation of ionic species in the substrate. The person skilled in the art can
20 determine, according to the substrate to implant, the species implanted and the depth
desired of the embritttement zone, the conditions (dosage and energy) of the
implantation.
The depth of the embrittiement zone defines the thickness of the substrate which
will be removed with the layer of the material deposited on the face of the substrate
25 intended to be kept exposed. Consequently, the implantation is preferably performed
through the face of the substrate which will not have to be covered in the end by the
deposited layer. The person of skill in the art will generally be interested in realizing
an embrittlement zone of little depth so as to limit the loss of material of the initial
substrate.



15 substrate on which one wishes to deposit a layer of material on one of the faces, a first step of the
~ method consists in creating, in this substrate 12, an embrittlement zone 11 according to which the
substrate could be cleaved.  Typically, the creation of this embrittlement zone is implemented by the

implantation gfoRissRE$ES in the substrate. The person skilled in the ar}gaR 20, dgtsERine, according
to the substrate to implant, the species implanted and the depth desired of the embrittlement zone, the

conditions (dosage and energy) of the implantation. ¢ The depth of the embrittiement zone defines
the thickness of the substrate which will be removed with the layer of the material deposited on the
face of the substrate 25 intended to be kept exposed. Consequently, the implantation is preferably
performed through the face of the substrate which will not have to be covered in the end by the

deposited layer. The person of skill in the art will generally be interestef}%n realizing %n embEittIement
zone of little depth 90'&STPHHRTTEYG88DPRIAHLT AP LR IHE RV EH Lir .S‘&f(gate 12 (namely,
2009/040337PLHERRO08/66RHI79iD belchgd@ thbrittienstotionexpé rnitsraafiteng bwothepersiia the

substrate 12 (q%@aé%tfﬁégﬁe%w&mg Q?ABQQ to the final structure and a remainder), but these

two layers are not independent at this stage. In the sc% of the invention, it is the application of an
appropriate thermal"5BaRFEPHIHERNRIINPEHPhell SeRFrPRigaliRt A BLAGRICBr R %0RTERInds the
applicatiorsof ahdegetningsh tennpenaiuresangre slungg Bydefimeditimaiperioshe uidwsiaersaideudget of

cleavage depengs i gondiions sl pRYERRraYISY Beote fa an the materils

considered. Ty one decreases the dose of imp ecles, itw necessary to apply a

larger thermal budgBfgothenséisdachel Gleavage. deRe g <rminatendiens #idhaarmlaigeios within

the skilled persgawdeagiberfotiddamiesediaeasadessiigsand ysiigiardndigstrdéeoshe
substrate 10 isﬂbulk afwd the %ué?’lstrate 12 ise Lé?ny‘ SO. Accordinﬁ tP a \@riant f realj%ation,{ itn order to
obtain a bulk stB&% &} e'TB,qP SHEA5& davant egﬁg,sﬁ? %ftgré’ Re B gr%?(re ,r%a or?ﬁ%st%
compositéGubpedten 2Hsy demdiog J Bffrieriiostionachdlie shbswaltdudyelois thitHackefshikegubstrate
which, in the eBgré’HWé“%aQﬁYe to be covered with the deposited layer.

In the preceding case described and illustrated in figure 2A, the substrate 10 is
bulk and the substrate 12 is equally so.
According to a variant of realisation, in order to obtain a bulk substrate 10, it can
15 be advantageous, in reference to figure 2B, to form first a composite substrate 12 by
bonding a stiffener 10B to a bulk substrate 10A on the face of the substrate which, in
the end, will not have to be covered with the deposited layer.
in this case, the embritlement zone 11 is created in the substrate 10A by
exposed implantation, i.e., before the bonding of the stiffener which is too thick to be
20 traversed by the implantation such as to define the bulk substrate. The presence of
the stiffener facilitates the detachment of the cleaved parts from the substrate 12 by
rigidifying the fine layer of the substrate 10A which will be removed with the deposited
layer.
in the case where the substrate 10 is composite, a substrate 12 is formed which
25 is also composite and comprises, in reference to figure 2C, a support substrate 10C
and a source substrate 10E embrittled beforehand so as to define a seed layer 10D.
The implantation is performed, before the bonding, by means of the oxide layer 10F
which serves for the bonding of the source substrate 10E on the support substrate
10C (In this respect, refer to the detailed description of examples 1 and 2).
30



In this case, the embrittlement zone 11 is created in the substrate 10A by exposed implantation, i.e.,

~ before the bonding of the stiffener which is too thick to be 20 traversed by the implantation such as to
define the bulk substrate. The presence of the stiffener facilitates the detachment of the cleaved parts
from the subsffgtabaR¥440idifying the fine layer of the substrate 10A whigh,wyill,be remayved with the
deposited layer. In the case where the substrate 10 is composite, a substrate 12 is formed which 25 is
also composite and comprises, in reference to figure 20, a support substrate 100 and a source
substrate 10E embrittled beforehand so as to define a seed layer 10D. The implantation is performed,
before the bonding, by means of the oxide layer 10F which serves for the bonding of the source
substrate 10E on the support substrate 10C (In this respect, refer to the detailed description of
examples 1 and 2). WO 2009/04t337P T/ P2008/62670 10 ) FI{‘S'[ case: the thehrmtal budget

ape.epitaxy (MBE) or the techniques known under the name

CVD: LPCVD ("ows?rs&hﬁ%qm?&%é ReReSHATREGYD LRIRsmaEhtcest Ghemica

Vapor Deposition”) or even M Metal Organic Chemlca Vapor Depositiori”) In the case
where the therf§&BlGHEEL ‘Eﬂ%‘(yiﬂéﬁ“ﬂﬁf the daRssifioPorthatéHal Iso}@s@rﬂ%Hrﬂw@ﬁ?QPW%{I Kaerjet of
cleavage, the mﬁmncammseysumaasmalymherdﬁmmmwamwmi Orepheissabyittedsastrate:

in reference to %%Q%%$%%§ Sfén'ﬁ C%?%ﬁ {%gg) gg%strat nt face of _substrate 12 gnq a layer 20

on the rear face; e em (schematically shown, in figure 3B, by
the thickly dotted lin8s?¢ grsprabersfireteanbritiiident penided)bydigcaprentiontabriatealrs of the

cleaved substrgggs than the thermal budget of cleavage, the method comprises successively:
- the deposition of material on the embritfled substrate: in reference to the
10  figure 3A, a layer 21 is deposited on the front face of substrate 12 and a layer 20 on
the rear face;
- the cleavage of the embrittied substrate (schematically shown, in figure
3B, by the thickly dotted lines at the place of the embrittlement zone 11);
- detachment of the two parts of the cleaved substrate.
15 The cleavage is principally performed by the application of a thermal budget but
it can be finalized by insertion of a blade or the application of a mechanical pressure.

Second case: The thermal budget provided by the deposition is greater than the

thermal budget necessary for cleavage

20 In the case where the thermal budget necessary for cleavage is less than the
thermal budget provided by the deposition of the material, two different manners of
operation are possible:

= A first option is to perform successively the following steps:

- realize the cleavage of the embrittled substrate 12 by providing the necessary

25 thermal budget {as schematically illustrated in figure 4A);

- depositing the material without selection of the face at the temperature
adapted to the manner of depositing a layer 21 in the front face and a layer 20 in the
rear face (figure 4B)

- detaching the two parts of the cleaved substrate

30 One considers in this case that the cleavage takes place during the deposition
step; in fact, the ramp of temperature applied in view of the deposition per se, and



15The cleavage is principally performed by the application of a thermal budget but it can be finalized
_ by insertion of a blade or the application of a mechanical pressure.  Second case: The thermal
budget provided by the deposition is greater than the thermal budget necessary for cleavage 20In the

case where the,thaemalpsdget necessary for cleavage is less than the thermal BidgstRrovided by the
deposition of the material, two different manners of operation are possible: A first option is to perform

successively the following steps: realize the cleavagg of the embrittled substrate 12 by providing the
necessary 25thermal budget (as schematically illustrated in figure 4A); - depositing the material

without selection of the face at the temperature adapted to the manner of depositing a layer 21 in the
front face and a layer 20 in the rear face (figure 4B) detaching the two parts of the cleaved substrate

300ne considers.in this case that the cleavage takes place during the deposition step; jn fact, the
ramp of tempe ST RIBEES L0 BFA e 0GR B G2, ARG ARG S Concioered a8 being ¢
2009/040337PET1EPRessRE2F0stapwhich provides the thermal budget necessary for cleavage, is

considered as beinggRash ot s AGROBILLE SKRH thelieppSaAYAYE dakingiBlpgesiarmibieleposition
of the material, it is in this case desirable to hold the embrittled substrate such that after the fracture,
the two C|eavegeswable to hold the embrittled substrate such that after the fracture, the two cleaved

5 parts do not detach in order {o avoid that the material settles in the interstices. In this
regard, the substrate 12 is preferably placed horizontally so that, under the weight of
the upper part, the two parts stay in contact with each other during the depositing
step.

» A second option consists of performing the steps in the following order:

10 - depositing the material under amorphous form on the embrittled substrate.

For this purpose, a thermal budget is applied less than the one necessary for
cleavage. Referring to figure 5A, an amorphous layer 21A is formed in the front face
and an amorphous layer 20A in the rear face.

- realising the cleavage of the embrittled substrate covered with amorphous

15  material by providing the thermal budget for cleavage (figure 5B)

- making the deposited material crystalline by augmenting the temperature: in
reference to figure 5C, the crystalline layers 21 and 20, respectively, in the front face
and the rear face of the substrate,

- detaching the two parts of the cleaved substrate,

20 Whatever the order of the steps of deposition and cleavage, the thermal budget
provided at the time of the deposition of material contributed to the budget of fracture
of the embrittled substrate. Moreover, the operations of deposition and cleavage can
be carried out in the same enclosure, by simple adaptation of the ramps of
temperature and the thermal budgets applied. This makes it possible to limit the

25 number of steps required to obtain substrate 10 covered with only one layer.
However, in the case where the fractured material produces particles which can
contaminate the deposition chamber, it is preferable to realize the cleavage outside of
the chamber. If the cleavage is realized before depositing, the embrittled substrate 12
will be manipulated so as to keep the cleaved parls in contact until deposition.

30
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5 parts do not detach in order to avoid that the material settles in the interstices. In this regard, the
_ substrate 12 is preferably placed horizontally so that, under the weight of the upper part, the two parts
stay in contact with each other during the depositing step. A second option consists of performing the

steps in the fgligwingaydsr: 10- depositing the material under amorphous,fef9nhig.embrittied
substrate. For this purpose, a thermal budget is applied less than the one necessary for cleavage.

Referring to figure SA, an amorphous layer 21A is formed in the front face and an amorphous layer
20A in the rear face. - realising the cleavage of the embrittled substrate covered with
amorphous 15material by providing the thermal budget for cleavage (figure 53) - making the
deposited material crystalline by augmenting the temperature: in reference to figure 5C, the crystalline

layers 21 and 20, r?ﬁ?eéftivelguin the front face and the rear face of the substrate, - detaching the two

parts of the cleave Lri & FHNNGTETET tHE SR PRTIHY L8 45 a8 HRERS AP IERANE: the
thermal budgetprdiigedratsee i dvefetm depo Sitionasf wiaderialibamrdspicdito hetbodgetiaf fracture

of the embritﬂ%@%ﬁér@%awéem\éeéuH@%@?ﬁ@é&@ﬂﬁsﬁgmtieﬁm%%ﬂ}@&% %a8 BeisAied outin

the same enclosure, by simple adaptation of the ramps of temperature and the thermal budgets

applied. This nPAkEEiFpBLEBRE GPMMISIAG 25 HRRHBET &P SRS gandarsietisshiatmsieate% covered
with only ohe la@sr oFieuevessitin theccaseanbese the dtastuiaddnatedri plegucasartictesriahich can
contaminate th 1] itis pr. ta realize the cl e,0uts] e mber. If
the cleavage isgr%e?ﬁélieﬁ(sg ‘é)'g?g% ep%gseltii% B ﬁ?é&erz%np@l’tg%eyf gﬁérﬁg%fﬁv%%bﬁ érjnga{ﬁ{%ljﬁ%%d -@E\)gas to
keep the cleavEapighfisStiussiignct Gafll e FisHmiedd Hctaphptenbanesycled by eliminating the

2009/040337P§epiEetad 08P 267 8rtl the biRMihdNGRIHRYS thercases, hhaiwenads affaefeaved

substrate are eet O(%h?ga I?rgr Itthis purpose, two tweezers can be used which, with an aspiration system,
make it possibleo RARGTE the substrate. Referring to figure 6, a final structure 1 is obtained, on the

one hand]@omprising a substrate 10 covered, on the desired face (rear face

Later steps
The front face 1A of the final structure 1, deprived of the deposited layer 21, can

subsequently be prepared in view of the later use (for example, a molecular beam
epitaxy).

15 In the case of the manufacture of a composite structure 1, it is preferable to
perform a stabilization annealing of this structure intended to strengthen the bonding
energy between the different layers.

In the case (cf. figure 2C) where the transferred layer 10D not covered is in a
material (such as silicon, for example) forming a native oxide in the contact of air, it is

20 necessary to define the depth of the implantation in the source substrate 10E so as to
obtain a final thickness of the desired layer 10D by taking into account its partial
consumption during the formation of the SiO; during the stabilization annealing: the
final thickness of the layer 10D transferred after withdrawal of the oxide is slighter
from this fact to this than the initial thickness transferred. Likewise, if the material of

25 the deposited layer 20 is in a material forming a native oxide, it is necessary to
provide for the thickness which will be consumed by the formation of the oxide and to
deposit a greater thickness of the material as a result.

Different examples of the implementation of the method conforming to the
invention will now be explained.

30

Example 1: Formation of a rear laver in p-Si gon a compaosite substrate SopSiC




5 1B), of a deposited layer 20 and, on the other hand, a residual structure 2 comprising a remainder of
substrate 12 covered by layer 21 deposited on the other face. This residual structure 2 can be

- eliminated but can also be recycled by eliminating the deposited layer 21 and the polishing of the
remainder of {ig seeessHbstrate 12 before reusing it. 10 Later steps  pFhg famdakg,LA of the final
structure 1, deprived of the deposited layer 21, can subsequently be prepared in view of the later use
(for example, a molecular beam epitaxy). 15In the casg of the manufacture of a composite structure 1,
it is preferable to perform a stabilization annealing of this structure intended to strengthen the bonding
energy between the different layers.  In the case (cf. figure 20) where the transferred layer 10D not
covered is in a material (such as silicon, for example) forming a native oxide in the contact of air, it is
20 necessary to define the depth of the implantation in the source substrate 10E so as to obtain a final
thickness of the deswed Iayer 1OD by taklng |nto account |ts partlal consumptlon during the formation
of the Si02 during th&atsak ) weg 10D transferred after

withdrawal of the ofile s} %t?{? rwlsafasfal}&mﬁ%%@e:ﬂ%t chnsss Aol Levise, i

the material of 25 the de%osned ayer 20 is in a material formlrg a native oxide, it is necessary to
provide for the itig58<8 PR (AHPHEQUhelRIEe YRt éHRG bR’ itEe8de and to deposit a greater
thickness af the mafmfatraagadewhe 7B Differentttxamlesmef thednplesmstatmesintameihod

conforming o s ouerion ey Sesrplaite T8 Faasinie b Famatan o aLag aysohp Si on 2

composite substrate 2008/ Varla eavage IS
performed du“ﬁaqh@@@ﬁ@@%@@%@éas adapted by the person skilled in the art according to the

depth which is desired to be obtained; the dose of implantation is in the region of
5.10°16 atoms/cm?.

10 Referring to figure 7C, a hydrophilic bonding is performed by putting in contact
through iayer 3000 of SiO, the embrittied source substrate 1200 with a support 4000
in polycrystalline SiC s0 as o form a embrittled structure 12, the surfaces having

been prepared in an adequate manner.
This embrittled structure 12 is placed in a deposition chamber so that the two
15  parts do not move apart from one another after cleavage, then the structure is heated
to 350°C to effect a first stabilization of the bonding between the monocrystalline Si
and the p-SiC.

Referring to figure 7D, a ramp of temperature intended to lead the temperature

from 350° to 620°C is applied so that the cleavage can take place under 500°C in the
20  course of the ramp.

Referring to figure 7E, one proceeds to the depositing of polycrystalline silicon
during 6h30 without selection of the face at 620°C. Thus, two layers 20 and 21 are
thereby formed of 5 micrometers thickness on each of the faces of the structure 12.

The temperature is decreased by an appropriate ramp before the opening of the

25  chamber.

Referring to figure 7F, the cleaved parts are detached from the structure 12, for
example, with the aid of tweezers. The face in monocrystaliine silicon of the substrate
SopSiC 10 is thus exposed.

Referring to figure 7G, a second stabilization annealing is then performed under

30 the atmosphere of water vapour at 900°C which leads to the formation of a layer 50 of
Si0O; on each of the two faces. The formation of oxide is made by consumption of



Referring to figure 7A, a source substrate 1200 in monocrystalline silicon is oxidized to form a layer

~ 3000 of Si02 of about 2000 A of thickness. 5Referring to figure 7B, a embrittlement zone 1100 is

~ created by implantation in this source substrate 1200 through the layer 3000 so as to define a seed
layer 1000. TRe, upRiasisgion energy is adapted by the person skilled in the-a/t AG605iR4g; to the depth
which is desired to be obtained; the dose of implantation is in the region of 5.10'16 atoms/cm2.
10Referring to figure 7C, a hydrophilic bonding is perfgymed by putting in contact through layer 3000 of
Si02 the embrittled source substrate 1200 with a support 4000 in polycrystalline SiC so as to form a
embrittled structure 12, the surfaces having been prepared in an adequate manner. This embrittled
structure 12 is placed in a deposition chamber so that the two 15 parts do not move apart from one
another after clegavage, then the sfructure is heated to 350C tg effect a first stabjlization of the bonding
petwben the mOIBUEEATHY QTP S, GE Of KErerRRg (s RUUTA . A TamlD SRAEire
intended to leathtneteysiplirssddeont8B0am B0 ithapleied sbd thmatambdiémage zzane taketpdace
under 500C in the 20 £ SRIREARS Kaibites 1RGTRIHAG IRLGLHRE 7Bn ANGeRIpGEEdS to the depositing of

polycrystalline silicon during 6h30 without selection of the face at 620C. Thus, two layers 20 and 21
are thereby formed BFS TSI EauwS thldk iR a5 Sach Of RiPratEs GRe ity e it 2
temperature is siggtieasgdibytha dppreipy atdactivg tbelude dhe opentagkiighies2biichbamber.  Referring

to figure 7F, the C'e%}f%%g?a{ﬂ% %&.ﬁfgﬁggnégﬁﬁggﬂgC&M@oazafotrhsx ) w&thcms@fj' of

tweezers. The face in monocrystallir strate SopSIC 10 Is thus exposed. Referring to
figure 7G, a sePRRQAIMzARIA"ERHBRNNg is then performed under 30 the atmosphere of water

vapour at 900C whithdeaasiarbefosratat afondayritiitnel Hienaaeaehredybied\yerfagasplhe
formation of oxide is made be/ consump ion of
y a polishing of its two surtaces.
10

Variant 2;: Cleavage is performed after the deposition

The method commences with the same steps which were described in reference
to figures 7A to 7C of the first variant.

Referring to figure 8A, the embrittied substrate is placed in the deposition

15  chamber.

The cleavage being performed after the deposition, the problem of spacing of
the cleaved parts is not posed and the substrate can be placed, for example,
vertically. The substrate is heated to 350°C to perform a first stabilization of the
adhesive bonding between the monocrystalline silicon and the p-8iC, then depositing

20  silicon in amorphous form at 350°C, so as o form two layers 20A and 21A on each
side of the substrate.

Referring to figure 8B, a ramp of heating up to 620°C is applied, which allows the
fracture of the substrate 12 according to the embrittlement zone.

Referring to the figure 8C, a ramp of temperature up to 620°C is subseguently

25  performed for crystallising the silicon of the layers 20A and 21A in layers 20 and 21.

Referring to the figure 8D, the cleaved parts of the structure are separated
outside of the chamber, the front face in monocrystalline silicon of SopSiC 10 being
free from deposit.

The method is completed with the same steps as those described in reference to

30 figures 7G and 7H of the preceding variant.



WO 2009/040337PCT/EP2008/062670 14 silicon present on the two faces of the SopSiC substrate
~and, in particular of monocrystalline silicon deteriorated to the level of the embrittlement zone by the
~ implantation, which contributes to eliminate this zone rich in defects. Referring to figure 7H, the layers

50 of Si02 argemevsdu4th the aid of a 5solution of HF, the HF being sejeqtivesigsaiQd-and not
attacking the silicon. Finally, the surface of monocrystalline silicon of the SopSiC is cleaned to prepare

it for a later epitaxy. ~ The remaining substrate of mgpocrystalline silicon can be recycled, for
example, by a polishing of its two surfaces. 10 Variant 2: Cleavage is performed after the deposition
The method commences with the same steps which were described in reference to figures 7A to 70 of
the first variant. Referring to figure 8A, the embrittled substrate is placed in the deposition 15

chamber.  The cleayage being performed after the deposition, the problem of spacing of the cleaved
parts it ot posed ahd TSN E e B T B ATy, THOS R S B eated t
350C to perforsubstiratestapfiiatithe ot disatidhasivebvaniings bdtweieh tyerioabbegstaléagisticon and
the p-SiC, thenylepasiting ;?é}rﬁil@%iﬂw%%%%ﬁéﬁf&éﬁégﬁ%fé%ﬂsaﬁ@s&ﬂﬁbﬂ”& 'é)ﬁ;@@_% and

21A on each side of the substrate.  Referring to figure 8B, a ramp of heating up to 620C is applied,
which allows tHBGPAEN e 0F tFRESIBET e PrSat B6RiFG YN R HISIRAWBTEHIR RETENRRY D the
figure 80, & ramyfrtiee peffuresupiacc 20 Chigrauissesiuamilynsulating layer of SiO: between the

substrate SopSiC and the p-Si (cf. layer 120 of figure 1F). This advantage can be

confirmed in a general manner for the manufacture of all composite substrates in
which the support substrate forms a native oxide with air.

In addition, the material to cleave for manufacturing the SopSiC being in silicon,

10 the particles formed during cleavage are in silicon. They do not contaminate the

deposition chamber of silicon so that cleavage is advantageously realized in the

chamber.

Exampie 2: Formation of a rear laver in polycrystalline Si on a composite

15  substrate SiCopSiC.
Referring to figure 9A, a substrate 1200 in monocrystalline SiC is oxidized, on

the one hand, during 2 hours at 1150°C under oxygen to form a layer 3000 of SiO; of
5000 angstroms of thickness.
Then a embrittlement zone 1100 is created in this substrate by implantation

20 through this layer with a dose in the region of 5.10°16 atoms/cm?, the energy being
parametered by the person of skilt in the art according to the depth of the desired
implantation.

On the other hand, a layer 6000 of oxide SiO; of 5000A of thickness is deposited
on the front face of a support 4000 in SiC polycrystalline.

25 Next, the surfaces of the layers of oxide 3000 and 6000 are activated in view of
a bonding. For this purpose, a polishing of the oxide 3000 is performed so as io
remove 500 A and to diminish the roughness. Likewise, a polishing of the oxide 6000
is performed to eliminate 2500 A and smooth its surface. Technigues of polishing are
well known to the person of skill in the art; one can implement, in particular, a

30 chemical-mechanical polishing (CMP).



25performed for crystallising the silicon of the layers 20A and 21A in layers 20 and 21.  Referring to
~ the figure 8D, the cleaved parts of the structure are separated outside of the chamber, the front face in
monocrystalline silicon of SopSiC 10 being free from deposit. The method is completed with the
same steps agdhass9essribed in reference to 30figures 7G and 7H of thggpuesadingyagiant. WO
2009/040337PCT/EP2008/062670 15  In the particular example of the formation of a layer in p-Si in
the rear face of a substrate SopSiC, the realisation of fyvo variants of which have just been described,
the method permits the increasing of efficiency of infrared absorption of SopSiC by means of the rear
layer in p-Si since, contrary to the known method described in 5 reference to figures 1A to 1F, there is
not any insulating layer of 5102 between the substrate SopSiC and the p-Si (cf. layer 120 of figure 1F).
This advantage canljée confirmed, i eneral manner for th nufacture of all composite substrates
in which the suppor] SESAPAIE forH G P BRI VSLRATF DL e o BT SR or
manufacturing itee SopSiBYieesn§Uhtsiticd FEXBthepagidlesfotaw ditkuring clemesee &eem Jilieon. They
do not contamigate the %Q@H%i%@%@ﬁ%@y@éﬁo that cleavage is advantageously realized in

the chamber. Example 2: Formation of arear layer in polycrystalline Si on a composite 15
substrate SiCopSicefeRelRiflg6ngtrd b eRINE! A8 USHE il nis HierstdnitRestenesdiaized, on
the one hahd, dusimget.nTtes alrdd6RC 1danoxygeistodetmsittiayevs36Epf GidbotStialyargstroms

oftickness. Thety 8 AL HGRE0) 2pre-A1E04c amlech s Mliai Bl TEaUg chifrovor

this layer with a dose In the region o 6 atoms/cm?2, t eing parameter

person of skill RHE SAHLeD RN @hevadpyrTsrdh e tsitad mprantagicns of turkageodRedasind, a
layer 6000 of opsiste 3182 efr80RA10f thickness is deposited on the front face of a support 4000 in SIC

polycrystalline. 25N|Sé¥e;t-he s%rf]aces he layers of gxide 3000 andt
0

nn gLire ne’ pr Ceg 0_a heatin qu)%(?’r \%%tlica‘gd 0 %/ieé/v of a
bonding. For this purpose, 2 P |§H|ng of (ReoRiIdE*5600 s pen%r d s0 a3 1 fenove B0 A%And to

diminish tHe rotighvess of ikewidesterisol Zbirg ormeysiddis®O0is performed to eliminate 2500 A and
smooth its surface. goehfigues rhReliginarrenne!bus e prrseainldll dndhgsag; ane can

implement, in particular, a , . s .
P pchamber. A substrate 10 (designated SiCopSiC ) is thereby obtained, the front face of

which, in monocrystalline SiC, is exposed.
The following steps are the same as those described in reference to the figures
15  7G and 7H of the variant 1 of the first example.
The remainder of the source substrate 1200 of monocrystalline SiC may be
recycled by stripping off the depaosited silicon (layer 21) and polishing the surface.

Example 3: Formation of a rear layer in polycrystalling Si on a bulk substrate in

20 moenocrystalling SIC

Referring to figure 2, an embrittlement zone situated in the vicinity of the surface
of a substrate 12 of SiC is created by implantation with a dose in the region of 5.10°16
atorns/cm?, and the embrittied substrate is placed in the deposition chamber.

Referring to figure 3A, one proceeds to the deposition of polycrystalline Si at a

25 temperature of 620°C, without distinction of face. Two layers 20 and 21 are thereby
formed on the embrittled substrate 12.

Referring to figure 3B, a ramp of femperature is applied up fo 900°C in order to
cleave the substrate 12 aleng the embrittlement zone 11.

Referring to figure 6, the iwo cleaved parts are separated outside of the

30 deposition chamber, and a substrate 10 is recovered, the face 1B of which, is covered



30chemical-mechanical polishing (CMP). WO 2009/040337PCT/EP2008/062670 16 = The substrate
1200 in SIC and the support 4000 in p-SiC are bonded thanks to the oxide layers 3000 and 6000,

* putting in contact the two prepared faces. The structure obtained is illustrated in figure 9A. Referring to
figure 9B, thiggmhdtiigdsstructure 12 is placed in the deposition 5 chambgghs.siibick#e 12 can be
disposed either vertically or horizontally. A temperature ramp up to 620C is applied, then
polycrystalline silicon is deposited during 6h30 so as tg form two layers 20 and 21 of 5 micrometers of
thickness on each face of the structure 12. Referring to figure 9C, one proceeds to a heating to
1000C which leads to a 10 cleavage of the substrate 1200 in monocrystalline SIC.  Referring to
figure 9D, the two cIeaved parts are detached outside of the chamber A substrate 10 (designated

SiCopSiC) is there (? |ned the fr e of wl}r@; ono II|n SIC,is e

following steps"i1e B bERU U s 5 e A8 T aA S SO A0 Btne |
variant 1 of thebirstanexatbie viewTiha ralierandexyof the source substrate 1200 of monocrystalline SiC
may be recycled by stripping off the deposited silicon (layer 21) and polishing the surface.

Example 3: Formation of a rear layer in polycrystalline Si on a bulk substrate in 20 monocrystalline SiC
Referring to figure 2, an embrittlement zone situated in the vicinity of the surface of a substrate 12 of
SiC is created by implantation with a dose in the region of 5.10e16 atoms/cm2, and the embrittled
substrate is placed in the deposition chamber. Referring to figure 3A, one proceeds to the deposition
of polycrystalline Si at a 25 temperature of 620C, without distinction of face. Two layers 20 and 21 are
thereby formed on the embrittled substrate 12.  Referring to figure 3B, a ramp of temperature is
applied up to 900C in order to cleave the substrate 12 along the embrittlement zone 11.



Referring to figure 6, the two cleaved parts are separated outside of the 30deposition chamber, and a
substrate 10 is recovered, the face 1B of which, is covered 17 with deposited polycrystalline Si (layer
20), and the other face 1A is exposed and can be prepared in view of a later epitaxy, 18 CLAIMS 1.A
method for manufacturing a structure for electronics, optics, optoelectronics or photovoltaics, said
structure comprising a substrate and a layer formed b§ depositing a material on one of the faces of
said substrate, characterized in that it comprises the steps of: formation of a embrittled substrate
comprising an embrittlement zone defining, on the one hand, said substrate and on the other hand a
remainder, - deposition of a layer of said material on each one of the two faces of said embrittled
substrate, cleavage of said embrittled substrate, so agsA@farm the structure in which a face of the
substrate is covered by the layer of deposited material while its other face is exposed. 2. The
method according to claim 1, characterized in that the thermal budget of cleavage is greater than the
thermal budget providedebyrthigrdepaeitiomanufactifreymethatractocs dify toeidatmniicshaspiitsrized in
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characterized | erma
formed by depositing a materlal on one of the faces of said subsirate, characterized

in that it comprises the steps of:
- formation of a embrittled substrate comprising an embrittlement zone
defining, on the one hand, said substrate and on the other hand a remainder,
- deposition of a layer of said material on each one of the two faces of
said embritﬂed substrate,
- cleavage of said embrittled substrate,
so as to form the structure in which a face of the substrate is covered by the layer of

deposited material while its other face is exposed.

2. The method according to claim 1, characterized in that the thermai budget
of cleavage is greater than the thermal budget provided by the deposition.

3. The method according to claim 2, characterized in that the deposition step

is performed before the cleavage step.

4,  The method according to claim 1, characterized in that the thermal budget

of cleavage is less than the thermal budget provided by the deposition.

5. The method according to claim 4, characterized in that the cleavage step is

performed during the deposition step.

6. The method according to claim 5, characterized in that the embrittled
substrate is held such that the cleaved parts do not move apart from one another

during the deposition step.



of cleavage is less than the thermal budget provided by the deposition. 5. The method according to
claim 4, characterized in that the cleavage step is performed during the deposition step. 6. The
method according to claim 5, characterized in that the embrittled substrate is held such that the
cleaved parts do not move apart from one another during the deposition step. 19 7. The method
according to claim 6, characterized in that the embritfl@d substrate is held horizontally during the
depositing step. 8. The method according to one of the claims 1 to 7, characterized in that the
cleavage step is performed in the deposition chamber of material of the layer. 9. The method
according to claim, characterized in that it comprises the successive steps of: deposition on both

two faces of embritfled spRstraie ek MalRNaHE BMEEROUS T GlaRvacm oiheranbritbegisubstrate,
annealing at a tem%erature sujtable to iE/ry talliz%th material..  10. The method according to one of

the claims 1 to°80 SRR AR APHEANRI S HURRZFRERTOSHER: formed by implantation of ionic

species in the substrate.  11. The method according to one of the claims 1 to 10, characterized in

that the substrate i a caRPQSile R DSUAARLRBHSBBRSUIBRAL SRS apd A eesiaNeRe 12

The method according to one of the claims I to 11, characterized in that the substrate comprises one
of the following'ARAsItaRemiRBe o diReRAAIRPRAYST GBI HIA! BAIPHIRER EFMENPENd quaternary

alloys, Si, SiC, polycrystalline SiC, diamond, Ge and their alloys.  13. The method according to one

of the claims 1 to 12, characterized,in that the material d ited is ghos o) e follawing
materials: amorphogu's sﬁF}ﬁoﬁgﬁ?ﬁé’tﬁﬁﬁ%@ﬂ%@?ﬁ% élllgrﬁég %&%’geéé %gﬁggy%%%%g%
amorphous Si€yepesaiaeaiRis of group 1IN and their ternary and quaternary alloys, Al203, Si02, Si3N4

and diamond. - deposition on both two faces of embritled substrate of material in
amorphous form,
- cleavage of the embrittled substrate,

- annealing at a temperature suitable to crystallize the material.

10. The method according to one of the claims 1 to 8, characterized in that

said embrittiement zone is formed by implantation of ionic species in the substrate.

11.  The method according to one of the claims 1 fo 10, characterized in that
the substrate is a composite substrate comprising a support substrate and a seed

layer.

12.  The method according to one of the claims 1 to 11, characterized in that
the substrate comprises one of the following materials: Al,O3, ZnO, the materials of
group IV and their ternary and quaternary alloys, Si, SiC, polycrystaliine SiC,

diamond, Ge and their alioys.

13. The method according to one of the claims 1 to 12, characterized in that
the material deposited is chosen among the following materials: amorphous Si,
monocrystalline Si, polycrystalline Si, Ge, SiC, polycrystalline SiC, amorphous SiC,
the materials of group ill/V and their ternary and quatemnary alloys, Al,Oa, SiOz, SizN4
and diamond.



20  14. The method according to one of the claims 1 to 13, characterized in that the substrate is a
composite structure of the type SopSiC or SiCopSiC and in that the layer of deposited material is out
of polycrystalline silicon.  15. The method according to one of the claims 1 to 14, characterized in

that a molecular beam epitaxy is realized on the exposed face of substrate of the structure.
20

14.  The method according to one of the claims 1 to 13, characterized in that
the substrate is a composite structure of the type SopSiC or SiCopSiC and in that the

fayer of deposited material is out of polycrystalline silicon.

15.  The method according fo one of the claims 1 to 14, characterized in that a

molecular beam epitaxy is realized on the exposed face of substrate of the structure.



